A woman in her mid 30s presented with a longstanding history of chest pain. Her symptoms began in early childhood, and she stated that lifelong she had been unable to do various physical activities because of the development of chest discomfort. During the past several weeks, she had been training for a bicycle triathlon and had noted retrosternal chest tightness during activity that abated after about 10 minutes.
A 12-lead electrocardiogram was performed, showing T-wave changes and ischemia in the anterolateral leads with possible septal infarct age undetermined. A transthoracic echocardiogram was performed using a Hewlett-Packard 5500, which showed a normal left ventricular size and function with trivial mitral regurgitation.
A nuclear stress test was performed. The patient exercised on a treadmill for a total of 14 minutes and 16 seconds, reaching stage V of the Bruce protocol. 1 No dysrhythmias were noted with exercise. There was a 1 mm ST segment depression that was initially upsloping in the inferolateral leads but became downsloping in recovery.
Myocardial perfusion and nuclear medicine imaging was performed. Reperfusion abnormalities were noted on the anterior and lateral walls, suggestive of myocardial ischemia. Gated spect imaging revealed normal left size and normal wall motion with an ejection fraction of 56%.
Right and left heart catheterization with coronary angiography and left ventriculography was then performed, which showed normal right heart pressures and normal cardiac output of 4.37 L/min. Left ventricular function was normal at 60%. There was an O 2 step-up from 58.1% to 75.6% from the right ventricle into the main pulmonary artery. The right coronary artery was very large demonstrating extensive collaterals to the left system filling in a retrograde fashion. The contrast was also seen in the pulmonary artery ( Fig. 1 ). The patient was found to have an anomalous left coronary artery that had its takeoff from the main pulmonary trunk.
The patient was seen at another facility; and a transthoracic echocardiogram was performed and demonstrated mild left atrial enlargement. The right coronary artery was dilated and tortuous (measuring 6 to 7 mm) compatible with anomalous origin of the left coronary artery. Color flow Doppler demonstrated several small areas of flow within the posterior wall of the myocardium suggestive of intramyocardial collaterals.
A transesophageal echocardiogram was performed. This demonstrated the origin of the left main coronary artery (measuring 6 × 4 mm) from the posteromedial portion of the pulmonary artery just above the sinus portion ( Fig. 2) . Flow in the left coronary system was retrograde occurring from the right coronary system.
The patient underwent reimplantation of the left coronary artery into the aortic root. This procedure surgically created an aortopulmonary window and a tunnel to convey blood from the window across the back of the pulmonary trunk to the origin of the anomalous left coronary artery. Reconstruction of the anterior wall of the pulmonary trunk and anastomosis of the left coronary artery within the aorta was done by means of a graft. Also, the right pulmonary artery defect was repaired using a patch of Cardio Fix bovine pericardium, and the main pulmonary artery was reanastomosed using running 4-0 Prolene circumferentially. The patient was fully rewarmed, air was evacuated from the right heart chambers, and the aorta was unclamped. A needle vent was placed on suction in the ascending aorta. Normal sinus rhythm resumed spontaneously. Temporary pacing wires were left in the free wall of the right atrium. Bypass was discontinued, with excellent hemodynamics. A transesophageal echo was performed that revealed excellent patentcy of the neocoronary ostia to the left coronary artery. The right atrium was decannulated, and the appendage was doubly ligated and oversewn. Protamine sulfate was administered to neutralize the heparin. The ascending aorta was decannulated, and the cannulation site was repaired with purse strings of 2-0 Ethibond supported by Teflon pledgets. Hemostasis was accomplished. Chest tubes were inserted anteriorly and posteriorly into the pericardial cavity, and the incision was closed.
The patient tolerated the procedure well. Since the time of the surgery, the patient has resumed training and running in triathlons. She also has given birth to another child.
Discussion
Anomalous origin of the left coronary artery from the pulmonary trunk is a very rare congenital malformation occurring in about 0.4% of patients with congenital cardiac anomalies. In almost all patients, the left coronary artery originates from the posterior sinus of the pulmonary artery. 2 The anomalous left coronary artery is a small thinwalled vessel resembling a venous channel. [3] [4] [5] The right coronary artery arises normally from its aortic sinus and is dilated and tortuous, especially in patients who survive infancy. 3, [6] [7] [8] There are 3 theories to explain the origin of a coronary artery from the pulmonary trunk. The first 2 theories involve the embryologic division of the truncus arteriosus. In the early embryo, 2 opposing truncal cushions appear, enlarge, and fuse to form the truncal septum, which divides the truncus arteriosus into aortic and pulmonary channels. Assuming that the coronaries originate as 2 endothelial buds, displacement of the site of origin of one or both coronary artery buds could assign either or both coronary arteries to that portion of the truncus arteriosus destined to become the pulmonary artery. Also, a faulty division of the truncus by the developing truncal septum could involve one or both normally located coronary artery buds into the pulmonary trunk. A relatively small displacement of the left coronary artery anlage causes the left coronary artery ostium to lie within the pulmonary artery. 9 Myocardial ischemia is the usual finding of anomalous origin of the left coronary artery from the pulmonary trunk. When the left coronary artery comes off the pulmonary trunk, the cardiac muscle becomes hypoxic because of the direction of flow in the coronary bed.
In fetal and early neonatal life, high pulmonary arterial pressure provides adequate antegrade perfusion gradient for flow into the anomalous left coronary artery. The subsequent fall in neonatal pulmonary arterial pressure is accompanied by a decline in flow through the anomalous left coronary artery. 10, 11 Myocardial ischemia occurs unless adequate circulation from right to left coronary arteries is established via intrcoronary anastomoses. These anastomoses represent a direct low-resistance pathway between the aorta and the pulmonary trunk so that an arteriovenous fistula exists. 8, 12 Once retrograde flow is established, large intercoronary anastomoses can have 2 opposing effects: the reestablishment of left coronary arterial perfusion and an undesirable consequence the action of low-resistance channels that bypass the capillary bed causing "coronary steal," thus depriving the myocardium of oxygen and promoting ischemia (Fig. 3) .
The natural history of anomalous origin of the left coronary artery from the pulmonary trunk ranges from death at infancy (80% to 90%) to a symptomatic adult with all gradations in between. 11, 13, 14 This disorder may go undetected until a previously well adult experiences cardiac failure, chest pain, effort syncope, or sudden death. 5, 7, 15 Two-dimensional echocardiography plays an important role in the diagnosis of the anomalous left coronary artery from the pulmonary trunk by establishing the normal origins of the left and right coronaries coming off the aortic sinuses. It can also identify the site of entry of an anomalous left coronary artery into the pulmonary trunk. Pulsed Doppler and color flow imaging records either a continuous murmur that is louder in diastole or, uncommonly, a diastolic murmur with little or no systolic component entering the posterior aspect of the pulmonary trunk just distal to the valve and transverse the medial (aortic) wall of the pulmonary trunk. An anomalous origin of a coronary vessel is characterized by failure to demonstrate a connection between the abnormally arising vessel and the aortic lumen, dilation of the right coronary artery, and retrograde flow from the anomalous arising vessel within the pulmonary artery. In some situations, the insertion of the anomalous coronary artery into the pulmonary trunk may be seen; however, this feature of the disorder is more difficult to demonstrate and its presence is not required to confirm the diagnosis.
Conclusion
Anomalous origin of the left coronary artery from the pulmonary trunk is a rare congenital malformation of the coronary artery circulation. The usual presentation is that of an infant who sustains a myocardial infarction and develops congestive heart failure. Older children or adults present with a continuous murmur, chest pain, heart failure, or sudden death.
Echocardiography with Doppler and color flow mapping may provide a diagnosis. The color flow mapping demonstrates retrograde flow in the left coronary system and an abnormal jet from the left coronary artery into the pulmonary trunk. Accurate detection may result in surgical interventions that will eliminate symptoms and improve a patient's stamina and quality of life.
FIG. 3.
Patterns of flow through the coronary bed in anomalous origin of the left coronary artery from the pulmonary trunk. (A) In the fetal and early neonatal periods, high pressure in the pulmonary trunk (PT) provides a perfusion gradient for flow into the anomalous left coronary artery (LCA). The normally originating right coronary artery (RCA) is perfused from the aorta. Intercoronary anastomoses are not functional. (B) The subsequent fall in neonatal pulmonary arterial pressure is accompanied by a parallel fall in flow through the left coronary artery. Intercoronary anastomoses are still not functional. (C) When the pressure in the anomalous left coronary falls below the pressure in the right coronary artery, blood then flows from the right coronary artery to the left coronary artery, provided that intercoronary anastomoses develop. The left coronary artery then drains into the pulmonary trunk and does not receive blood from it.
